ABSTRACT One hundred and fifty four consecutive adult patients having cardiac surgery for a variety of cardiac lesions were evaluated prospectively for postoperative jaundice, those with a raised preoperative serum bilirubin concentration (greater than 34 ,mol/I or 2 mg/100 ml) being excluded. The incidence of early postoperative jaundice, as defined by a serum bilirubin concentration of 50 ,umoUl (3.0 mg/100 ml) or greater, was 23*4%. The jaundice was mild (bilirubin concentration 51-100 ,umoll (3-.06.0 mg/100 ml)) in 26 patients (16.9%) and moderate to severe (greater than 100 ,umol/I (6.0 mg/100 ml)) in 10 patients (6-5%). Important contributing factors were the preoperative severity of right heart failure (raised right atrial 'pressure at heart catheterisation) and hypotension or hypoxaemia and the amount of blood transfused during or shortly after surgery. Age, sex, underlying cardiac lesion, whether halothane was used, operative procedure, duration of cardiopulmonary bypass, and presence or absence of hepatitis B surface antigen were not predictive of postoperative jaundice.
It has long been recognised that transient jaundice could appear after a surgical procedure' and that hepatic damage is particularly liable to follow cardiopulmonary bypass. 23 In one retrospective study early jaundice was seen in 13% of 232 patients undergoing open heart operations. 4 In a similar study 8.6% of 736 patients undergoing open heart surgery developed postoperative jaundice.5 There have, however, been only a few prospective inquiries into the incidence and causes of postoperative jaundice. The prospective study of Evans et a16 revealed a much higher incidence (21%) of postoperative jaundice in patients having major noncardiac operations. The true incidence of early jaundice after open heart surgery is therefore still unclear and awaits further study.
Furthermore, all studies on jaundice after open heart surgery were reported more than 10 years ago, when the medical care of patients undergoing open heart surgery was not as good as today, and when the hepatitis B surface antigen (HBsAg) was not recognised.7 HBsAg ,umol/l (3.0-6.0 mg/100 ml) and moderate to severe when it was greater than 100 ,umol/l. Arterial blood gas tensions were measured every four hours and systemic blood pressure was monitored every hour during the first three days after operation. Hypoxaemia was defined as Pao2 lower than 6-7 kPa (50 mm Hg), and hypotension was defined as a blood pressure lower than 90/60 mm Hg at any time.
The total amount of blood transfused during or just after operation was recorded. ,umol/l (12-0, 16-0, and 36-0 mg/100 ml) respectively. The increased serum bilirubin was mainly conjugated (55-79% of total bilirubin). The incidence of postoperative jaundice was higher in patients with congenital and valvular heart disease than in patients with coronary heart disease, though the difference is not significant (table 1) .
Among 36 patients with postoperative jaundice, 31 (86.1%) attained peak serum bilirubin concentrations within three days after operation and these declined rapidly thereafter. The other five patients had peak serum bilirubin levels on postoperative days 4-6 and these then declined gradually. Most patients whose serum bilirubin levels peaked earlier had mild jaundice while those in whom bilirubin levels peaked later tended to have higher levels (table 2) . PREOPERATIVE (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) /xmolll (1-1-2-0 mg/100 ml)) in patients developing postoperative jaundice. Jaundice after open heart surgery 53 Table 5 shows the postoperative features of patients with and without postoperative jaundice. Significantly higher frequencies of hypotension and hypoxaemia during the early postoperative period were observed in patients developing jaundice. Moderate to severe increases in serum alanine aminotransferase and alkaline phosphatase activity were observed much more frequently in those developing jaundice. The patients developing jaundice had significantly more blood transfused-an average of about 520 ml more. Two patients in the jaundice group died from an intracranial haemorrhage and respiratory failure respectively. The surgical morbidity and mortality rates were no different between jaundiced and non-jaundiced patients.
FEATURES

COMPARISON OF RISK VARIABLES WITH REFERENCE TO THE TIME OF PEAK SERUM BILIRUBIN CONCENTRATION
The above risk variables for postoperative jaundice were further analysed with reference to the time of peak serum bilirubin concentration. Preoperative and operative risk variables contributing to the development of jaundice were essentially the same in patients whose serum bilirubin concentration peaked earlier as in those with later peaks. But the latter group had much higher frequencies of hypoxaemia and hypotension during the postoperative period, had a much larger amount of blood transfused, and also showed more severe changes in Chu, Chang, Liaw, Hsieh 54 Jaundice after open heart surgery serum alkaline phosphatase and alanine aminotransferase at postoperative follow up.
Discussion
In this prospective study 23-4% of the patients developed jaundice, mostly of mild degree (72%), shortly after open heart surgery. The incidence of jaundice in this series is almost two to three times that found in retrospective studies.4 5 This considerable difference in incidence may be related to the fact that postoperative jaundice of mild degree might be neglected in a retrospective study. On the other hand, the incidence of postoperative jaundice was particularly high (though the difference did not reach significance) in patients with congenital and valvular heart disease, and this trend might contribute to the high overall incidence of jaundice because most of our patients belonged to these two groups (table 1) .
This study also shows that many factors may contribute to the development of jaundice after open heart surgery. Before operation the most important contributing factors are high right atrial pressure and hyperbilirubinaemia, both reflecting the degree of liver congestion.' Kingsley2 and Robinson et a13 have suggested that severe heart failure predisposes the patient to the development of clinical jaundice after cardiopulmonary bypass. Our data also show that among patients whose livers had been congested, as a result either of right heart failure or of tricuspid insufficiency, the incidence of postoperative jaundice was significantly higher. In contrast, this study, unlike previous studies,45 failed to show any correlation between the incidence of jaundice and the nature of the cardiac lesions, age, or sex. A poor condition of the liver before operation, as shown by increased serum alanine aminotransferase activity or HBsAg positivity, also had no influence on the development of clinical jaundice.
Although several investigators have shown a close relationship between halothane anaesthesia and liver dysfunction, '2-'4 our data as well as the findings of other large retrospective and prospective series have failed to show an increased risk of hepatic complication in patients receiving halothane anaesthesia.6 15-"1 But this does not rule out the fact that halothane can cause acute liver dysfunction'8 and most hepatologists, anaesthetists, and surgeons now agree that massive hepatic necrosis is a rare but definite complication of halothane anaesthesia. 9 During open heart surgery the most important factor that contributed to the development of postoperative jaundice is hypoxaemia, which has long been recognised as an important cause of hepatic damage.'920 Our data show that the complexity and 55 duration of the open heart operation had no influence on the development of jaundice. This observation also contradicts the findings of retrospective studies.45 Furthermore, our data indicate that hypoxaemia and hypotension in the early postoperative period are also important factors contributing to the development of jaundice and tend to delay peaking of serum bilirubin concentrations in these patients. This is understandable because hypotension would reduce hepatic perfusion2' and hypoxaemia further decrease hepatic oxygen supply.
Haemolysis of transfused blood is a common factor in postoperative jaundice.622 It is particularly important in open heart surgery because both the heart lung machine and the prosthesis shorten the survival of transfused blood.423 Though we have not checked the indices of haemolysis, such as serum hepatoglobin and plasma haemoglobin concentrations and red cell survival time, our patients who developed postoperative jaundice had received significantly more transfused blood. This would certainly cause an increased bilirubin load.24 In addition, significantly more blood was given to patients whose serum bilirubin reached a peak later in the postoperative period. This might also contribute to the development of more severe jaundice in these patients (table 2) .
In summary, this prospective study showed a much higher incidence of jaundice after open heart surgery than has been found in retrospective investigations. It also indicated that the severity of right heart failure before operation and hypoxaemia, hypotension, and amount of blood used during and shortly after operation are factors that contribute significantly to the development of jaundice after open heart surgery. Other factors suggested previously by retrospective studies were not shown to be significant in this study.
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